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Quantum teleportation [1] faithfully transfers a quantum state between
distant nodes in a network, enabling revolutionary information processing
applications[2–4]. Here we report teleporting quantum states over a 30 km
optical fibre network with the input single photon state and the EPR state
prepared independently. By buffering photons in 10 km coiled optical fibre,
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Figure 1: Schematic of a notional quantum network.
we perform Bell state measurement (BSM) after entanglement distribution.
With active feed-forward operation, the average quantum state fidelity and
quantum process fidelity are measured to be 85(3)% and 77(3)%, exceed-
ing classical limits of 2/3 and 1/2, respectively. The statistical hypothesis
test shows that the probability of a classical process to predict an average
state fidelity no less than the one observed in our experiment is less than
2.4 × 10−14, confirming the quantum nature of our quantum teleportation
experiment. Our experiment marks a critical step towards the realization of
quantum internet in the future.
Quantum entanglement is at the heart of quantum mechanics. Bennett
et al. [1] found that quantum entanglement is the key to realize the dream
of teleportation. Quantum teleportation faithfully transfers the quantum
state of a physical system instead of the system itself between distant nodes.
This underlies the proposals of distributed quantum computing [2, 5] and
quantum communication network [3, 4].
Fig. 1 depicts a future quantum network. The central node hosts a quan-
tum processor. It shares entanglement with many relay nodes, constituting
a star topology structure. The end user accesses the central quantum pro-
cessor by teleporting the quantum state to the central node via the nearby
relay node. The relay nodes perform entanglement distribution and Bell
state measurement, and feed-forward the measurement outcomes to the cen-
tral processor. The structure may be replicated to form a larger network.
The quantum network with distant nodes demands that each node has an
independent quantum source. Therefore, a critical step in the road map
towards realizing a quantum network in the real world is to simultaneously
realize independent quantum sources, prior entanglement distribution [6]
and active feed-forward operation [7] in a single field test of quantum telepor-
tation. This, however, remains a challenge, after many elegant laboratorial
demonstrations [8–21] and remarkable field tests of quantum teleportation
[6, 7, 22, 23]. Synchronization of independent quantum sources was noto-
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riously difficult. Previous attempts to synchronize independent quantum
sources were within the laboratory [24–27]. Their practicability for field
applications is unjustified. To overcome this challenge, we create quantum
states with temporal coherence of 110 ps. This allows us to use off-the-
shelf instruments to synchronize independent quantum sources with ease.
In addition, we buffer photons in coiled optical fibre at both relay node and
central node after entanglement distribution [6]. This allows us to perform
the BSM after photons arrive at the central node and to forward the BSM
outcomes in real time to the central node for proper unitary rotation [7].
Our quantum teleportation experiment over a realistic network with inde-
pendent quantum sources, prior entanglement distribution, and active feed-
forward operation marks a critical step in the roadmap towards realizing
global quantum network.
The network is deployed in the city of Hefei, China. As shown in Fig. 2 a,
Charlie (N 31◦51
′
5.42
′′
, E 117◦11
′
55.82
′′
) is the relay, Alice (N 31◦50
′
7.50
′′
,
E 117◦15
′
50.56
′′
) is the user and Bob (N 31◦50
′
11.42
′′
, E 117◦7
′
54.37
′′
) is
the central processor. Alice (Bob) is connected to Charlie with a piece of
15.7 km (14.7 km) single mode optical fibre with propagation loss of 5 dB
(6 dB).
Fig. 2 b presents details of our experimental realization. Charlie first
modulates the continuous wave laser beam (λ = 1552.54 nm) emitted by a
distributed feedback laser (DFB) into 75 ps pulses with an electro-optical
modulator (EOM) at a repetition frequency of 100 MHz. After passing
the laser pulse through a unbalanced Mach-Zehnder interferometer (MZI)
with a path difference of 1 ns, Charlie amplifies the generated two sequential
pulses with erbium-doped fibre amplifier (EDFA) and then feeds them into a
300 m dispersion-shifted fibre (DSF) to generate time-bin entangled photon
pairs through spontaneous four-wave-mixing (SFWM) process. The DSF is
immersed in liquid nitrogen to reduce phonon-related single photon noise.
Charlie uses a filter system composed of cascaded dense wavelength division
multiplexing (DWDM) devices to select paired signal (s, 1549.36 nm) and
idler (i, 1555.73 nm) photons with the pump light attenuated by 115 dB.
The quantum state of the time-bin entangled photon pairs [28] is |Φ+〉si =
1√
2
(|t0〉s|t0〉i + |t1〉s|t1〉i),where |t0〉 and |t1〉 represent the first and second
time bin, respectively. Charlie then sends the idler photon to Bob and holds
the signal photon by propagating it in a 15 km coiled optical fibre. Bob
holds the idler photon similarly after he receives it. The temporary storages
allow us to perform BSM after entanglement distribution and implement
the feed-forward operation in real time.
Alice generates correlated photon pairs similarly. She obtains single
photons by heralding their idler partners. Alice prepares the input quantum
state for quantum teleportation, |ψ〉in = α|t0〉in + β|t1〉in, by passing the
heralded single photons through an unbalanced MZI with the path difference
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Figure 2: Quantum teleportation in Hefei optical fibre network.
a, Bird-view of the experiment. Alice prepares quantum state, |ψ〉in, on
a heralded single photon (HSP) and sends it to Charlie, who prior shares
an EPR pair with Bob. Each photon of the EPR pair is stored in 15 km
coiled fibre (CF). Charlie implements BSM on his photon and the received
HSP. Then he sends the feed-forward signal to Bob, who performs unitary
operation (U) and state analysis. The quantum signals are transmitted in
optical fibre denoted by solid line, and the classical signals in other optical
fibre denoted by dash line.
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b, experimental setup. To synchronize the HSP source and EPR source,
Charlie sends a portion of each of his laser pulses to Alice through the an op-
tical fibre channel, and Alice detects them by using a 45 GHz photo-detector
(PD) to generate driven pulse for electro-optical modulator (EOM). A vari-
able delay line (VDL) is used to adjust the time delay of the laser pulse.
The heralding signal is converted into laser pulse with laser diode (LD) and
transmitted to Charlie through classical channel. Two optical circulator
(Cir) are used to achieve the bi-direction signal transmission. Charlie uses
a PD to detect the heralding signal and performs BSM on the HSP and his
photon. The feed-forward signal (FF) and 10 MHz clock (C1, 200 MHz clock
is denoted by C2) are carried by laser pulses of wavelength 1550.92 nm and
1550.12 nm, which are launched into classical channel by a dense wavelength
division multiplexing (DWDM) filter and sent to Bob. After separated by
another DWDM, the feed-forward signal and 10 MHz clock are converted
to electrical signal and fed to a time-to-digital converter (TDC). The feed-
forward signal is also used to trigger a short pulse generator module to
generate driven pulse for the phase modulator (PM) for unitary rotation.
Electrical polarization controllers (EPC) are used to compensate the polar-
ization drift caused by optical fibre.
of 1 ns, and then sends the encoded photon to Charlie. She also sends the
heralding signal (photo-detection signal of idler photons) to Charlie.
To optimize the BSM, the optical delay is carefully arranged between the
photon in Charlie’s storage and the photon from Alice. Charlie passes the
photons through a fibre Bragg grating (FBG) with a bandwidth of 4 GHz
before BSM to reduce the spectral distinguishability, which is much smaller
than the bandwidth of the pump pulse (8 GHz). The temporal coherence
time of the single photon pulse after FBG is about 110 ps, and the single-
photon-state purity is measured to be 0.91(3) and 0.84(2) for photons from
Alice and from Charlie, respectively, approximating single eigen mode in the
spectral domain. The use of single mode optical fibre ensures the spatial
indistinguishability. (FBGs are also used to reduce the bandwidth of idler
photons.)
The long coherence time of the prepared quantum state allows us to
synchronize independent quantum sources that are far apart with off-the-
shelf instruments. To synchronize the independent quantum sources owned
by Alice and Charlie, we keep a master clock at the node of Charlie and use
it to trigger a pulse patten generator (PPG). The PPG drives the EOM to
carve the cw laser beam periodically into 75 ps pulses, separated by 10 ns.
These pulses are used to create the EPR pairs for Charlie after amplification.
A fraction of each of these optical pulses is sent to Alice’s side, where it is
detected by a 45 GHz photo-detector. The photo-detector signal is used
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to trigger the creation of Alice’s quantum source. Using this method, we
find that the timing jitter between the laser pulses of Alice and Charlie,
quantified by root-mean-square (RMS), is about 2.04 ps, which is much
smaller than the 110 ps coherence time of the created single photon pulses.
It is evident that this method can be used to synchronize many nodes of a
quantum network.
Charlie performs BSM using a fibre beam splitter tree and four super-
conducting nanowire single photon detectors (SNSPD). The SNSPD has a
recovery time of 40 ns which is longer than the difference between time-bins.
This detection configuration allows to distinguish all EPR pairs in the state
of |Ψ−〉 (coupled to −σy|ψ〉i) and 50% of EPR pairs in the state of |Ψ
+〉
(coupled to σx|ψ〉i). Synchronized with the master clock at 200 MHz, a field-
programmable-gated-array (FPGA) executes the feed-forward logics based
on the photo-detection signals from SNSPDs and the heralding signals from
Alice. FPGA sends a signal to Bob for each successful three-fold coincidence
detection. At Bob’s side, he does not perform unitary rotation on the pho-
ton in his storage upon receiving a signal from FPGA if the BSM outcome
corresponds to the EPR state |Ψ−〉; he performs the unitary rotation on the
photon if the signal from FPGA corresponds to the EPR state |Ψ+〉 in the
BSM. The final state of the photon in Bob’s possession is |ψ〉fin = σy|ψ〉i.
Bob uses an MZI with path difference of 1 ns followed by two SNSPDs to
characterize the teleported quantum states [21]. The arrival time of the
feed-forward signal and the photo-detection signal from the two SNSPDS
are recorded with time-to-digital converter (TDC) for coincidence measure-
ment (corresponding to four-fold coincidence detection on the two-photon
pairs originally created by Alice and Charlie).
In order to completely characterize the field test of quantum teleporta-
tion, we perform quantum state tomography measurement [21, 29] on the
teleported quantum states. Without loss of generality, we choose quantum
states |t0〉, |t1〉, |D〉 and |R〉 as input states [7], where |D〉 =
1√
2
(|t0〉 + |t1〉)
and |R〉 = 1√
2
(|t0〉 + i|t1〉). The four-fold coincidence rate in our field test
is about 2 per hour. We reconstruct density matrices for teleported quan-
tum states, with which we calculate the state fidelities as shown in Fig. 2.
The average quantum state fidelities are 91(3)% and 85(3)% for without
feed-forward operation (when the BSM outcome corresponds to EPR state
|Ψ−〉 ) and with active feed-forward operation (when the BSM outcome cor-
responds to either EPR state |Ψ−〉 or |Ψ+〉), both exceeding the classical
limit of 2/3. Following Ref [[2]], we perform quantum process tomography
on our experiment and determine the process matrices, which are shown in
Fig. 3. The quantum process fidelity for quantum teleportation in our field
test are 84(4)% and 77(3)% for without active feed-forward operation and
with active feed-forward operation. The observed imperfections are partly
due to multi-photon process in SFWM and non-ideal unitary rotation. The
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Figure 2: State fidelities of quantum teleportation with four differ-
ent input states: |t0〉, |t1〉, |D〉 and |R〉. The observed state fidelities
without and with active feed-forward operation are denoted by color cyan
and blue, respectively. All observed state fidelities significantly exceed the
classical fidelity limit of 2/3, represented by the red horizontal line.
average photon number per pulse in our experiment is about 0.08 for Alice’s
quantum source and 0.03 for Charlie’s source, which upper-bounds the visi-
bility of two-photon interference to be 0.917 in our experiment. In addition,
the instrumental imperfection restricts the fidelity of unitary rotation to be
not better than 0.85.
Lastly, we examine the possibility for any classical process to produce
the results observed in out field test. In a classical teleportation, Charlie
directly measures the input state and informs Bob to reconstruct the state
accordingly, with a maximum state fidelity of 2/3. However, due to a finite
number of experimental trials, the statistical fluctuation may allow the clas-
sical teleportation to reach and even exceed the state fidelity observed in
our experiment. This is quantified by a probability according to Hoeffding’s
inequality [30],
Probclassical(F¯classical ≥ F¯ ) ≤

(4/3 − 2/3
4/3− F¯
) 4/3−F¯
4/3
(
2/3
F¯
) F¯
4/3


4N
, (1)
where F¯ is the state fidelity observed in the experiment and N is the number
of experimental trials for each input quantum state. The above inequality
reads as that, after 4N experimental trials the probability according to
any classical process of predicting an average fidelity F¯classical no less than
the observed average fidelity F¯ is no more than p(N, F¯ ), which is at most
1.5 × 10−16 with N = 150 for quantum teleportation without active feed-
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Figure 3: Quantum process tomography of quantum teleportation.
a- b and c-d represent the process matrices for quantum teleportation with-
out and with active feed-forward operation, respectively.
8
forward or 2.4× 10−14 with N = 240 for quantum teleportation with active
feed-forward in our experiment. With these, we confirm the quantum nature
of teleportation over the 30 km optical fibre network.
Our experiment, along with the two recent field tests of quantum telepor-
tation [7, 23], may serve as the benchmark to realize quantum teleportation
in the real world. The developed technology is immediately applicable to
a wide array of quantum information processing applications with indepen-
dent quantum sources.
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